), van Pelt W, Docters-van Leeuwen B, van der Veen A, Schellekens J F P and Borgdorff M W. The geographical distribution of tick bites and erythema migrans in general practice in the Netherlands. International Journal of Epidemiology 1997; 26: 451-457. Background. Lyme disease is caused by Borrelia burgdorferi which is transmitted in Europe by the tick Ixodes ricinus. Erythema migrans is a skin lesion which is pathognomonic of Lyme disease. A retrospective study was carried out to determine the geographical distribution of the occurrence of tick bites and erythema migrans in the Netherlands and to identify ecological risk factors. Methods. In April 1995, all general practitioners (GPs) in the Netherlands were asked to complete a postal questionnaire on the number of tick bites and erythema migrans case-patients seen in 1994 and the size of the practice. Reminders were sent to non-responders. Information on ecological risk factors by local government area was obtained from a geographical information system. Results. The response rate was 79.9%. In 1994, GPs reported seeing approximately 33 000 patients with tick bites and 6500 with erythema migrans. The incidence rate of erythema migrans was estimated at 4.3 per 10 000 population. Ecological risk factors for both tick bites and erythema migrans were the proportion of the area covered by woods, sandy soil, dry uncultivated land, the number of tourist-nights per inhabitant and sheep population density. The cattle population density was a risk factor for erythema migrans. Conclusions. Using simple methods, a crude estimate of the incidence rate of erythema migrans was obtained rapidly, and high risk areas were identified. Lyme disease appears to be an important problem in the Netherlands.
about the incidence rate of Lyme disease and its geographical distribution in the Netherlands.
The aim of this study was to determine the geographical distribution of the occurrence of tick bites and erythema migrans in the Netherlands and to identify ecological risk factors.
METHODS
In April 1995, all general practitioners (GPs) in the Netherlands were asked to complete a self-administered questionnaire on a business reply card, comprising three pre-coded questions on the number of tick bites and erythema migrans seen in 1994 and the size of the practice. Pre-testing had shown the need to limit the time required to read the introductory letter and answer the questions to a minimum. An information brochure on tick bites and Lyme disease with a colour photograph of erythema migrans was included in the letter to the GPs. Three weeks after sending out the questionnaire, a reminder was sent to those who had not yet replied. Data were analysed by local government area of which there are 633 in the Netherlands.
For calculating means and incidence rates, individual values were needed for each respondent, though responses were made according to precoded categories. Therefore, a value was assigned to each response category, based on the best fit of an assumed underlying Poisson distribution (Table 1) . Ecological information on local government areas was obtained from a geographical information system (GIS) and included: total surface area, number of inhabitants, number of touristnights per year (based on reports from hotels and guest houses), number of sheep, cattle, horses and rabbits, area covered by woods, dry or wet uncultivated land, area with sandy soil, presence of dunes, and degree of urbanization.
As GPs frequently see tick bites among tourists, but erythema migrans mainly among their own patients, the occurrence of tick bites was analysed as the mean number of tick bites seen per GP, while the occurrence of erythema migrans was analysed as an incidence rate per 10 000 practice population. (The practice population does not include tourists.) Associations with possible risk factors were determined by linear regression for the occurrence of tick bites and Poisson regression for the incidence of erythema migrans. Most ecological risk factors had a very skewed distribution (Table 2) and were log-transformed before using them in the linear regression analyses.
Most of the analyses were carried out with SAS version 6.08; Poisson regression was done with EGRET.
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All probababilities are for two-tailed tests, with statistical significance defined as P Ͻ 0.05.
RESULTS
The response rate of the GPs was 79.9% (5644/7100). Response rate by local government area was not associated with the occurrence of tick bites (β = 0.00, P = 0.9) or erythema migrans (β = 0.01, P = 0.06). On average, a GP had a practice population of 2430 people and saw 4.6 patients with tick bites and 0.9 patients with erythema migrans in 1994. However, the distributions were skewed, with many GPs seeing few patients with tick bites and erythema migrans and a few seeing many ( Table 1 ). The 5th and 95% percentile at local government level were 1.3 and 14.6 tick bites per GP, respectively, and incidence rates of erythema migrans 0 and 11 per 10 000, respectively. Occurrence of tick bites was highly correlated with the incidence of erythema migrans (r = 0.71, P Ͻ 0.001). Extrapolation suggests that all GPs together saw 33 000 patients with tick bites and 6500 patients with erythema migrans in the Netherlands in 1994. The distribution of the occurrence of tick bites and incidence rate of erythema migrans by local government area are presented in Figure 1 . Risk areas were in the north and east of the country and a strip along the coast. Tick bites were significantly associated with the proportion of area covered by woods, sandy soil, dry uncultivated land, number of sheep per square kilometre, and number of tourist-nights per inhabitant. In a multivariate model, 23% of the variation in the occurrence of tick bites was attributable to these variables. Adding other variables to the model made little change in the predictive power (Table 3 erythema migrans was associated with the proportion of area covered by woods, sandy soil, number of cattle per square kilometre and number of tourist-nights per inhabitant (Table 4 ). Figure 2 shows the geographical distribution of these risk factors.
DISCUSSION
This study has shown that, using simple methods, a crude estimate of the incidence rate of erythema migrans may be obtained rapidly, as well as an identification of high risk areas. In the Netherlands GPs recalled seeing approximately 6500 patients in 1994 with erythema migrans, corresponding to an incidence rate of 4.3 per 10 000 population. These results suggest that Lyme disease is an important problem in the Netherlands.
This incidence rate of erythema migrans of 4.3 per 10 000 is much higher than that of 0.5 per 10 000 based on notified cases of Lyme disease in the US. 9 However, passive surveillance based on routine notification as is used in the US is likely to be associated with underreporting, and the true difference may be smaller than suggested by these numbers, as the data from the Netherlands presented here are based on active surveillance. The incidence rate of erythema migrans in the present study is similar to that in Sweden, where an incidence rate of Lyme disease was observed of 6.9 per 10 000 and where 77% of cases of Lyme disease had erythema migrans. 13 However, the present study was retrospective, depending on a one-year recall, and did not explicitly exclude skin rashes of less than 5 cm diameter. In Sweden data were collected prospectively, and erythema migrans was defined as a skin lesion with a rash of 5 cm diameter or more. In the Swedish study, 310 reported cases of erythema migrans were excluded as they did not meet the criterion of being 5 cm or a Adjusted for area covered by woods, sandy soil, dune, urbanization, number of tourist-nights per inhabitant, dry and wet uncultivated land, number of sheep, cattle, horses and rabbits per square kilometre. Variables not shown in Table 4 were not significantly associated with the incidence of erythema migrans. (Full data are available from authors.)
FIGURE 2 (A,B,C,D) The geographical distribution of ecological risk factors in the Netherlands
larger; 1139 cases of erythema migrans were included. 13 Therefore, it is likely that the true incidence of erythema migrans in the south of Sweden is somewhat higher than that in the Netherlands.
The response rate of the GPs was high at 79.9%. Explanations may be that Lyme disease has attracted much attention over the last few years, the time required to respond was kept to a minimum, and a reminder was sent to non-responders. Sending reminders was probably important as the response rate before sending out reminders was only 50%. The response rate was not associated with ecological risk factors (data not shown). As there was also no association between the response rate on the one hand and the occurrence of tick bites and incidence of erythema migrans on the other, non-response is unlikely to have had a major influence on the results reported.
As the study was retrospective, depending on physicians' recall, recall bias may have affected the results. The estimates of incidence are strongly dependent on any under-or overreporting of tick bites and erythema migrans. As tick bites are minor events, one might expect misclassification, possibly towards underreporting on these. Erythema migrans might be overreported if it were confused with other skin conditions. However, the occurrence of tick bites was highly correlated with the incidence of erythema migrans, suggesting that erythema migrans was reported with reasonable accuracy. The identification of high risk areas is unlikely to have been influenced strongly by recall bias: differences between areas were substantial and would require an extremely strong differential recall bias to explain the results on the basis of such bias.
The occurrence of tick bites was positively associated with the proportion of area of woods, sandy soil, dry cultivated land, number of sheep per square kilometre and number of tourist-nights per inhabitant. A number of studies have shown that ticks mainly live in areas covered by woods. 5, 6, [14] [15] [16] [17] Tourist areas may indicate exposure of people to tick bites. Dry uncultivated land and sandy soil provide a habitat for I. ricinus and its hosts such as rodents. Cattle and sheep density might indicate their role as maintenance hosts for I. ricinus. Though deer are thought to be a much more important maintenance host, the role of cattle and sheep in the Netherlands is insufficiently known. Alternatively cattle and sheep density may not be causal factors, but indicators of other, unmeasured, risk factors. Of the variation in the occurrence of tick bites 26% was attributable to the variables measured. Possible risk factors which were not included in the present study were the presence of deer and rodents, seasonal variation 13, 14 and individual risk factors such as age, sex, occupation, and keeping pets. [18] [19] [20] 
FIGURE 2 (E,F) Continued
The results of this study are being used for planning a prospective study in general practices in a high risk area which aims at determining the risk of infection after tick bites and at identifying individual risk factors for tick bites and Lyme borreliosis.
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